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RXWSXW6ORZLNHWDO&RHOORHWDODQG&.9LMD\DNXPDUL HWDOVXJJHVW WKDWZLWK WKHXVHRI(YROXWLRQDU\GHVLJQ
GHVLJQHUQHHGQRWKDYHPXFKH[SHUWLVHLQWKHGHVLJQUXOHVDQGDOVRWKHDERYHPHQWLRQHGFRQVWUDLQWVZLOOQRWUHIOHFW
LQWKHFLUFXLWVHYROYHG$OVRFRQYHQWLRQDOPHWKRGVOLNH.DUQDXJKPDSDQG4XHHQ0FODZVNLGRQRWVXSSRUWWKHXVH
RI;25;125RUDQ\RIWKHEDVLFEXLOGLQJEORFNVOLNHPXOWLSOH[HUVRU5HHG0XOOHU/RJLFPRGXOHV+HUHRQHRI
WKHXQLYHUVDO ORJLFPRGXOHV8/0PXOWLSOH[HULVXVHGDVWKHEDVLFEXLOGLQJEORFN5HSHDWHGXVHRIWKHVDPH
XQLWUHGXFHVWKHPDQXIDFWXULQJFRVWLQ9/6,LPSOHPHQWDWLRQ
2IWKHPDQ\RSWLPL]DWLRQWHFKQLTXHVDYDLODEOH*HQHWLF$OJRULWKP*$LVVHOHFWHGDVWKHRSWLPL]DWLRQWRRO*$
WDNHVLQDOLQHDUVHWRIFKURPRVRPHVDQGVHOHFWLRQFURVVRYHUDQGPXWDWLRQRSHUDWRUVDUHDSSOLHGRQLW1XPEHURI
XQLWV UHTXLUHG DQG WKH QXPEHU RI OHYHOV LQ WKH HYROYHG FLUFXLW DUH WKH LPSRUWDQW GHVLJQ IDFWRUV IRU UHGXFLQJ WKH
PDQXIDFWXULQJFRVW
$Q\%RROHDQH[SUHVVLRQFDQEHUHDOL]HGXVLQJELQDU\PXOWLSOH[HUV$QQYDULDEOHIXQFWLRQFDQEHUHDOL]HGXVLQJ
Q XQLWV LQ Q OHYHOV E\ VWDQGDUG LPSOHPHQWDWLRQ WHFKQLTXH $Q\ WHFKQLTXH ZKLFK LQYROYHV OHVVHU QXPEHU RI
PRGXOHVRUOHVVHUQXPEHURIOHYHOVLVFRQVLGHUHGDVDQLPSURYHPHQWLQWKHGHVLJQ0XOWLSOH[HUVDUHRI³DFWLYHORZ´
RU ³DFWLYH KLJK´ GHQRWHG DV &ODVV $ DQG&ODVV%PXOWLSOH[HUV ,Q D &ODVV $PXOWLSOH[HU LQSXW ODEHOHG DV µ¶ LV
GLUHFWHGWRWKHRXWSXWIRUDKLJKYDOXHRIFRQWUROVLJQDOVDQGLQSXWZKLFKLVODEHOHGDVµ¶LVGLUHFWHGWRWKHRXWSXWIRU
DORZYDOXHRIFRQWUROVLJQDO+HUHZHXVHWKHFODVV$PXOWLSOH[HUUHSUHVHQWDWLRQRIWKHFLUFXLWDVVKRZQLQ)LJ
,WVEHKDYLRXULVGHVFULEHGDV

ܨ ൌ ሾሺഥ Ǥ ሻ ൅ ሺǤ ሻሿ

5HODWHGZRUN
&HFÕOLD5HLVSURSRVHG WKHGHVLJQRIFRPELQDWLRQDO ORJLFFLUFXLWVEDVHGRQ*HQHWLF$OJRULWKPXVLQJPLQLPXP
QXPEHU RI JDWHV 6RPH RI WKH FLUFXLWV LPSOHPHQWHG ZHUH  PXOWLSOH[HU  ELW SDULW\ FKHFNHU HWF 7KH PDMRU
ERWWOHQHFNKHVXJJHVWHGZDV WKHSUREOHPRIVFDOHDQGWLPHIRUFRQYHUJHQFH$VWKHQXPEHURILQSXWVLQFUHDVHVD
ODUJH VHDUFK VSDFH LV QHHGHG $+$JXLUUH PDGH DQ DWWHPSW WR GHVLJQ FRPELQDWLRQDO GLJLWDO FLUFXLWV XVLQJ 
PXOWLSOH[HUVZLWK*HQHWLFSURJUDPPLQJ,QDXWKRUVSURSRVHGWKHGHVLJQRIFRPELQDWLRQDOORJLFFLUFXLWVZLWKWR
PXOWLSOH[HUVXVLQJ*$ZLWKRQO\VDQGVDVLQSXWV7ZRGLIIHUHQWDOJRULWKPVKDYHEHHQSURSRVHGE\6KDKDQD7.
HWDOXVLQJPXOWLSOH[HUVEXWLWZDVQRWEDVHGRQHYROXWLRQDU\WHFKQLTXHV7KH\KDYHWHVWHG%RROHDQIXQFWLRQV
RQO\XSWRYDULDEOHV2+3DQG$OPDLQL$($GHVFULEHVWKHHYROXWLRQRIGLJLWDOFLUFXLWVXVLQJ%''WHFKQLTXH
DQG5HHG0XOOHU8/0
,Q WKLV SDSHU HYROXWLRQDU\ GHVLJQ RI FRPELQDWLRQDO ORJLF FLUFXLWV XVLQJ  PXOWLSOH[HUV ZLWK 6KDQQRQ¶V
GHFRPSRVLWLRQ WHFKQLTXHDQG*$DORQJZLWKFHUWDLQPRGLILFDWLRQV LVSUHVHQWHG:LWK WKLVDSSURDFKFLUFXLWVKDYH
EHHQHYROYHGZLWKOHVVHUQXPEHURIPRGXOHVDQGOHYHOVWKDQVWDQGDUGLPSOHPHQWDWLRQWKHUHE\UHGXFLQJWKHFRVWDQG
FRPSOH[LW\RIWKHFLUFXLW

)LJ/RJLFV\PERORIPXOWLSOH[HU

)LJ&KURPRVRPDOUHSUHVHQWDWLRQRIWKHPXOWLSOH[HULQWKHILUVWOHYHO
7KHSDSHU LV VWUXFWXUHG DV IROORZV6HFWLRQGLVFXVVHV WKH UHSUHVHQWDWLRQRI FKURPRVRPHV IRU WKH FLUFXLW DQG
VHFWLRQJLYHVWKHLPSOHPHQWDWLRQRIORJLFFLUFXLWVXVLQJWKHSURSRVHGPHWKRGVDQGVHFWLRQGHDOVZLWKWKHUHVXOWV
; ; ; ; ; ; ; ; ;
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DQGFRPSDULVRQZLWKVWDQGDUGLPSOHPHQWDWLRQWHFKQLTXHDQGILQDOO\FRQFOXVLRQ
5HSUHVHQWDWLRQRIFKURPRVRPHIRUWKHFLUFXLW
,QWKLVVHFWLRQHQFRGLQJRIDQLQGLYLGXDO$VDPSOHFLUFXLWLVVKRZQLQ)LJ,QGLYLGXDO$LVFUHDWHGDWUDQGRP
ZKLFKFRQWDLQVWKHLQIRUPDWLRQDERXWWKHSUHVHQFHRIDXQLWFRUUHVSRQGLQJLQSXWVFRQWUROVLJQDOVDQGRXWSXWV7KH
FKURPRVRPHV IRU *$ LV FRGHG LQ D RQH GLPHQVLRQDO SDWWHUQ ZKHUH HDFK ELW RU D FRPELQDWLRQ RI ELWV GHQRWH D
SDUWLFXODULQSXWRUFRQWUROVLJQDOWRWKHPXOWLSOH[HUV$QQYDULDEOHIXQFWLRQFDQEHUHDOL]HGLQQOHYHOVDQGQXQLWV
LQVWDQGDUGLPSOHPHQWDWLRQHJ)RUDYDULDEOHIXQFWLRQWKHUHZLOOEHXQLWV7KHUHDUHIRXUXQLWVLQWKHILUVWOHYHO
ERWWRPPRVWOHYHOXQLWVLQWKHVHFRQGOHYHODQGXQLWLQWKHWKLUGWRSOHYHO$WWHPSWKDVEHHQPDGHWRUHGXFH
WKHQXPEHURI OHYHOVXQLWV7KHRSWLPDOFLUFXLW QHHGQRWKDYHDOO WKH VHYHQXQLWV+HQFH WKHSUHVHQFHRID XQLW LV
LGHQWLILHGE\DQGDEVHQFHE\LQWKHFKURPRVRPH
)LJ  UHSUHVHQWV WKH FKURPRVRPH XVHG WR UHSUHVHQW D PX[ LQ WKH ILUVW OHYHO RI LPSOHPHQWDWLRQRI D WKUHH
YDULDEOH FLUFXLW%LW; LV XVHG WR FKHFN WKH SUHVHQFH RI WKHPRGXOH DQG ELWV;; FRPELQDWLRQV UHSUHVHQW WKH
GLIIHUHQW LQSXW FRQGLWLRQV WR WKH XQLW DQG ; DQG ; FRPELQDWLRQV FKHFN WKH FRQWURO LQSXW WR WKH PXOWLSOH[HU
&KURPRVRPHVDUHFRGHGLQDVLPLODUIDVKLRQIRUWKHRWKHUOHYHOVDOVR
6HOHFWLRQSURFHVVVDQGILWQHVVIXQFWLRQ
7KHUDQGRPO\FUHDWHGSRSXODWLRQVHWRILQGLYLGXDOVLVPDGHWRXQGHUJRWKHSURFHVVRIVHOHFWLRQRILQGLYLGXDOV
IRUWKHQH[WJHQHUDWLRQ*HQHWLFRSHUDWRUVVXFKDVFURVVRYHUDQGPXWDWLRQVDUHDSSOLHGRQWKHVHOHFWHGPHPEHUVWR
IRUP WKH QHZ SRSXODWLRQ 5RXOHWWH ZKHHO VHOHFWLRQ WHFKQLTXH KDV EHHQ XVHG KHUH 7KH WRWDO QXPEHU RI FRUUHFW
RXWSXWVLQUHVSRQVHWRWKHFRUUHVSRQGLQJLQSXWVJLYHVWKHPHDVXUHRIILWQHVVIXQFWLRQ%DVHGRQWKHSUR[LPLW\WRWKH
GHVLUHGWUXWKWDEOHILWQHVVIRUHDFKLQGLYLGXDOLQWKHSRSXODWLRQLVFDOFXODWHGDV

Ψ	 ൌ ቀ୒ିୗ୙୑ሺଡ଼୓ୖሺ୓ଵǡ୓ଶሻሻ୒ ቁ ൈ ͳͲͲ

ZKHUH2LVWKHHYROYHGRXWSXW2LVWKHGHVLUHGRXWSXWDQG1LVWKHQXPEHURIURZVLQWKHWUXWKWDEOH,QIHZUXQV
RI WKH*HQHWLF$OJRULWKP D  ILW FLUFXLWPDWFKLQJ H[DFWO\ZLWK WKH XVHU GHILQHG WUXWK WDEOHPD\ EH HYROYHG
$IWHUHYROYLQJILWFLUFXLWFKHFNIRUUHGXQGDQF\RIXQLWVLVPDGHDQGUHGXQGDQWXQLWVDUHHOLPLQDWHGVRWKDW
WKHFLUFXLWJHQHUDWHGLVRSWLPDO
9DULRXVGHVLJQWHFKQLTXHV
'HVLJQXVLQJ6KDQQRQ¶VGHFRPSRVLWLRQWHFKQLTXHDQG*$
,Q WKLV UHGXFWLRQ WHFKQLTXH VDPH YDULDEOH LV IHG DV FRQWURO LQSXW IRU DOO WKHPXOWLSOH[HUV LQ D SDUWLFXODU OHYHO
HLWKHUDEFRUG)RUDYDULDEOHIXQFWLRQWKHUHZLOOEHWKUHHOHYHOVDQGWKHXQLWVLQHDFKOHYHOZLOOKDYHWKHVDPH
FRQWUROVLJQDO)RUHJFRQWUROVLJQDOVIRUDOOWKHPXOWLSOH[HUVLQWKHILUVWOHYHOZLOOEHDDORQH6HYHUDOPRGLILFDWLRQV
KDYH EHHQPDGH LQ VHOHFWLQJ WKH FRQWURO VLJQDOV DQG LQSXW FRPELQDWLRQV WR WKHPXOWLSOH[HUV VR DV WR DUULYH DW DQ
RSWLPDOVROXWLRQ
0HWKRG
,QSXWVWRWKHPXOWLSOH[HUVLQILUVWOHYHOERWWRPPRVWFDQEHFRPELQDWLRQVRIYDULDEOHVWKHLUFRPSOHPHQWVRU
,QDGGLWLRQWRWKHDERYHLQSXWVRXWSXWRILPPHGLDWHSUHFHGLQJOHYHOFDQDOVREHJLYHQDVLQSXWVWRWKHQH[WOHYHO$OO
WKHPXOWLSOH[HUVLQDOHYHOQHHGQRWVKDUHWKHVDPHFRQWUROVLJQDO&RQWUROLQSXWVDUHDOVRJHQHUDWHGDWUDQGRP,WFDQ
EH HLWKHU D E F RU GZKLFK DUH UDQGRPO\ JHQHUDWHG&LUFXLWVZHUH HYROYHG IRU    DQG  YDULDEOH IXQFWLRQV
)LWQHVVZDVHYDOXDWHGEDVHGRQWKHILWQHVVIXQFWLRQPHQWLRQHGHDUOLHU$OVRUHGXQGDQWXQLWVZHUHHOLPLQDWHGVRWKDW
FLUFXLWVZLWKPLQLPXPSRVVLEOHXQLWVZHUHDFKLHYHG
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([DPSOH)DEF Ȉ
7KHFLUFXLWHYROYHG IRU WKHIXQFWLRQ LV VKRZQ LQ)LJD ,WFDQEHVHHQ WKDW WKH IXQFWLRQZDVUHDOL]HG LQRQH
PRGXOHLQVWHDGRIXQLWVZLWKVWDQGDUGLPSOHPHQWDWLRQWHFKQLTXH,Q WKHLQSXWVWRWKHILUVW OHYHOVZHUHRQO\¶V
DQG¶VDQGWKHVDPHFLUFXLWQHHGHGXQLWV7KHVDYLQJ LQQXPEHURIPRGXOHVLVLQFRPSDULVRQWRWKHVWDQGDUG
PHWKRG)LWQHVVZDVDFKLHYHGLQOHVVWKDQJHQHUDWLRQV
([DPSOHELW2GG3DULW\FKHFNHUFLUFXLW)DEF Ȉ
7KHRSWLPDOFLUFXLWHYROYHGIRUWKHELWRGGSDULW\FKHFNHUFLUFXLWLVVKRZQLQ)LJE,WLVREVHUYHGWKDWWKH
FLUFXLWZDVUHDOL]HGZLWKXQLWVDQGOHYHOVDVFRPSDUHGWRXQLWVDQGOHYHOVLQVWDQGDUGLPSOHPHQWDWLRQ8VLQJ
6KDQQRQ¶VGHFRPSRVLWLRQPHWKRGDQG*$WKHIXQFWLRQZDVUHDOL]HGXVLQJXQLWVDQGOHYHOV7KHVDYLQJLQ
QXPEHURIXQLWVLVDQGKHQFHWKHDUHDDQGFRVWFDQEHUHGXFHGDFFRUGLQJO\
([DPSOH)DEFG Ȉ
7KHFLUFXLWZDVUHDOL]HGLQRQHPRGXOHDVVKRZQLQ)LJF:KHUHDVWRUHDOL]HDYDULDEOHIXQFWLRQXQLWV
DUHQHHGHGLQVWDQGDUGLPSOHPHQWDWLRQLQOHYHOV:LWK6KDQQRQ¶VGHFRPSRVLWLRQWHFKQLTXHVXVLQJ*$WKHVDPH
FLUFXLWZDVUHDOL]HGXVLQJXQLWVZLWK¶VDQG¶VDVLQSXWVDQGIOH[LELOLW\LVSURYLGHGIRUWKHVHOHFWVLJQDOV
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



)LJD)DEF ȈE)DEF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F)DEFG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
















)LJD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([DPSOH)RXUELWRGGSDULW\FKHFNHU)DEFG Ȉ
7KHFLUFXLWIRUELWRGGSDULW\FKHFNHUZDVHYROYHGLQXQLWVDQGOHYHOVDVFRPSDUHGWRXQLWVDQGOHYHOV
ZLWK VWDQGDUG LPSOHPHQWDWLRQ WHFKQLTXH WKHUHE\ VDYLQJXQLWV DV LQ)LJD7KXV WKHGHOD\SRZHU DUHDDQG
FRVWFDQEHUHGXFHGVLJQLILFDQWO\
([DPSOH)DEFGH Ȉ
7KHORJLFFLUFXLWHYROYHGIRUWKHDERYHIXQFWLRQDVVKRZQLQ)LJEKDVRQO\XQLWVDQGOHYHOVDVFRPSDUHG
WRXQLWV DQG OHYHOV LQ WUDGLWLRQDOPHWKRGV7KXV WKHUH LV D VDYLQJRI  LQ WKH QXPEHURI8/0V QHHGHG
ZKLFKMXVWLILHVWKHYDOLGLW\RIWKHSURSRVHGPHWKRG
0HWKRG,,
,QPHWKRG,FRQWUROLQSXWVRIWKHPRGXOHVZHUHVHOHFWHGDWUDQGRPIURPWKHVHWRIYDULDEOHVRIWKHIXQFWLRQ+HUH
DIXUWKHUPRGLILFDWLRQKDVEHHQPDGHLQVHOHFWLQJWKHFRQWUROLQSXWV,QVWHDGRISURYLGLQJYDULDEOHVDORQHDVFRQWURO
VLJQDOVPRUHIOH[LELOLW\LVDGGHGE\JLYLQJIXQFWLRQVZKLFKDUHGHULYHGIURPWKHRXWSXWVRIWKHLPPHGLDWHSUHFHGLQJ
OHYHO7KXV WKH FRQWURO LQSXWV FDQEHYDULDEOHV RI WKH IXQFWLRQRU WKHRXWSXWV RIPRGXOHV LQ LPPHGLDWH SUHFHGLQJ
OHYHOV7KHLQSXWVWRWKHPRGXOHVLQVHFRQGOD\HURQZDUGVFDQEHFRPELQDWLRQVRIYDULDEOHVWKHLUFRPSOHPHQWV
DQGWKHRXWSXWVRISUHYLRXVOHYHO
0HWKRG,,LVDSSOLFDEOHZKHUHFRQWUROWRWKHQH[WOHYHOLVGHULYHGIURPSUHFHGLQJOHYHO6LQFHDOOWKHELWFLUFXLWV
ZHUHHYROYHGLQOHYHOVZLWKPHWKRG,PHWKRG,,KDVQRUHOHYDQFHLQWKRVHFDVHV6RIRXUDQGILYHLQSXWFLUFXLWVDUH
FRQVLGHUHGIRULQYHVWLJDWLRQ
([DPSOHELWRGGSDULW\FKHFNHU)DEFG Ȉ
7KHRSWLPDOFLUFXLWHYROYHGIRUWKHDERYHIXQFWLRQDVVKRZQLQ)LJDKDVRQO\XQLWVDQGOHYHOVLQFRQWUDVWWR
XQLWVDQGOHYHOVLQVWDQGDUGLPSOHPHQWDWLRQDQGXQLWVLQPHWKRG,7KXVLWLVREYLRXVWKDWWKHORJLFFLUFXLW
HYROYHGLQWKLVPHWKRGKDVEHWWHUSHUIRUPDQFHWKDQWKHSUHYLRXVPHWKRGV
([DPSOHELWIXQFWLRQ)DEFGH Ȉ
7KHORJLFFLUFXLWHYROYHGDIWHUVHYHUDOUXQVRI*$LVVKRZQLQ)LJE,WFDQEHVHHQWKDWWKHFLUFXLWZDVUHDOLVHG
ZLWKXQLWVDQGOHYHOV%XWZLWKWUDGLWLRQDOPHWKRGVWKHFLUFXLWQHHGVXQLWVDQGOHYHOV,QPHWKRG,WKHVDPH
IXQFWLRQ ZDV UHDOL]HG XVLQJ  XQLWV DQG  OHYHOV 7KH VDYLQJ LQ QXPEHU RI XQLWV LV  DV FRPSDUHG WR WKH
VWDQGDUGLPSOHPHQWDWLRQWHFKQLTXH
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
)LJD)DEFG ȈE)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
)LJ1X
)XQFWLRQVLPSOHPHQWHG
x )DE Ȉ
x )DEF Ȉ
x )DEFG Ȉ
x )DEFGH Ȉ
)LJVKRZVWKHFRPSDULVRQRIWKHSURSRVHG
ILWQHVV)URPWKHILJXUHLWLVFOHDUWKDWILW
DOO WKHFDVHVEXW WKHRSWLPDORXWSXW LVZLWK WK
DGGLWLRQDOWLPHQHHGHGIRUFRQYHUJHQFH
5HVXOWV
7KH SDUDPHWHUV VHOHFWHG IRU *$ DUH FURVVR
FRPSOH[LW\RI WKHFLUFXLW6HOHFWLRQRI LQGLYLGX
WHFKQLTXH7KHVLPXODWLRQZDVGRQHLQ0$7/$
RISRZHUDUHDDQGGHOD\RIWKHHYROYHGFLUFXL
HYROYHGFLUFXLWVZHUHVLPXODWHGRQ6SDUWDQ;&

7DEOH&RPSDULVRQRIUHVXOWVLQWHUPV
)XQFWLRQ1RRI
9DULDEOHV
6WDQGDUG
LPSOHPHQWDWL
 1RRI0X[H
 
 





7DEOH VKRZV WKHFRPSDULVRQRI UHVXOWV L
IXQFWLRQVZLWKVWDQGDUGLPSOHPHQWDWLRQWHFKQLT
DVWKHQXPEHURIXQLWVLVOHVV7KHUHGXFWLRQL
HYLGHQW IURP 7DEOH  3HUFHQWDJH UHGXFWLRQ L
PEHURIJHQHUDWLRQVIRUILWQHVV
PHWKRGVLQWHUPVRIQXPEHURIJHQHUDWLRQVQHHGHGWRDF
FLUFXLWZDVHYROYHGZLWKOHVVHUQXPEHURIJHQHUDWLRQVLQ
HVHFRQGPHWKRG7KHVDYLQJ LQFRVWDQGFRPSOH[LW\RX
YHU UDWH    PXWDWLRQ UDWH  3RSXODWLRQ VL]H GHS
DOV IRUFURVVRYHUKDVEHHQGRQHE\XVLQJ5RXOHWWHZKH
%5DDQG6\QRSV\V'HVLJQ&RPSLOHUZDVXVHGIRU
WV7KHSURJUDPZDVUXQRQ,QWHO LGXRSURFHVVRU
6GHYLFH
RIQXPEHURIXQLWV
RQ
0HWKRG, 0HWKRG,,
V 1RRI0X[HV6DYLQJV 1RRI0X[HV6DYLQJV
 
 




QYDULRXVDSSURDFKHV LQ WHUPVRIQXPEHURIPRGXOHV IR
XH,WLVHYLGHQWWKDWWKHUHLVDVLJQLILFDQWUHGXFWLRQLQWK
QQXPEHURIPRGXOHVZLOOOHDGWRUHGXFHGSRZHUFRQVXP
Q DUHD LQYROYHG LQ WKH SURSRVHGPHWKRGV DV FRPSDUHG
KLHYH
PHWKRG,LQ
WZHLJKV WKH
HQGV RQ WKH
HO VHOHFWLRQ
WKHDQDO\VLV
*+]7KH
U WKHDERYH
HKDUGZDUH
SWLRQDVLV
WR VWDQGDUG
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LPSOHPHQWDWLRQLVGHSLFWHGLQ7DEOH)URP7DEOHLWLVREYLRXVWKDWDVWKHQXPEHURIOHYHOVJHWVUHGXFHGWKH
GHOD\LQYROYHGLVDOVRUHGXFHGFRQVLGHUDEO\
7DEOH3RZHUFRQVXPSWLRQE\YDULRXVPHWKRGV
)XQFWLRQ1RRI
9DULDEOHV
6WDQGDUG
LPSOHPHQWDWLRQ
0HWKRG, 0HWKRG,,
 '\QDPLF/HDNDJH
3RZHUZ3RZHUQZ
'\QDPLF/HDNDJH
3RZHUZ3RZHUQZ
'\QDPLF/HDNDJH
3RZHUZ3RZHUQZ
   
   








7DEOH1HW,QWHUFRQQHFWDUHDDQG&HOODUHDLQQXPEHURIXQLWV
)XQFWLRQ1RRI
9DULDEOHV
6WDQGDUG
LPSOHPHQWDWLRQ
0HWKRG, 0HWKRG,,
 7RWDO$UHD 7RWDO$UHD6DYLQJV 7RWDO$UHD6DYLQJV
   
   








7DEOH'HOD\LQYROYHGLQYDULRXVPHWKRGV
)XQFWLRQ1RRI
9DULDEOHV
6WDQGDUG
LPSOHPHQWDWLRQ
0HWKRG, 0HWKRG,,
 1RRI/HYHOV'HOD\QV 1RRI/HYHOV'HOD\QV 1RRI/HYHOV'HOD\QV
   
   









)URP)LJLWFDQEHVHHQWKDWWKHGHOD\HYROYHGLQWKHFLUFXLWVIRUDOOWKHIXQFWLRQVLVGHILQLWHO\OHVVWKDQWKDWRI
WUDGLWLRQDO PHWKRG %XW WKH GHFUHDVH LQ GHOD\ LV PRUH SUHGRPLQDQW LQ SURSRVHG PHWKRGV DV WKH QXPEHU RI ELWV
LQFUHDVHV
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
)LJ&RPSDULVRQRIGHOD\LQYDULRXVDSSURDFKHV
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&RQFOXVLRQ
%\HYROXWLRQDU\PHWKRGVFRPELQDWLRQDOORJLFFLUFXLWVKDYHEHHQGHVLJQHGDQGV\QWKHVL]HGXVLQJPXOWLSOH[HU
DV WKH EDVLF EXLOGLQJ EORFN2Q V\QWKHVLV LW ZDV IRXQG WKDW WKH FLUFXLWV HYROYHG E\ WKH WZR QHZ DSSURDFKHV DUH
VXSHULRU WR WKH GHVLJQ E\ WUDGLWLRQDO PHWKRGV 1XPEHU RI PRGXOHV DUHD GHOD\ DQG SRZHU FRQVXPSWLRQ RI WKH
HYROYHGFLUFXLWVZHUHUHGXFHGVLJQLILFDQWO\ZKLFKHQVXUHVEHWWHUSHUIRUPDQFH
5HIHUHQFHV
 6ORZLN0LFKDO%LDONR(YROXWLRQDU\'HVLJQRIFRPELQDWLRQDO'LJLWDO&LUFXLWV6WDWHRIWKH$UW0DLQ3UREOHPVDQGIXWXUH7UHQGV3URFRI
WKH)LUVW,QWHUQDWLRQDO&RQIHUHQFHRQ,QIRUPDWLRQ7HFKQRORJ\S
 &&RHOOR$&KULVWLDQVHV8VHRI(YROXWLRQDU\WHFKQLTXHVWRDXWRPDWHWKHGHVLJQRI&RPELQDWLRQDO&LUFXLWV,QWHUQDWLRQDO-RXUQDORI6PDUW
(QJLQHHULQJ6\VWHP'HVLJQS
 &.9LMD\DNXPDUL 30\WKLOL $ )DVWHU ' 7HFKQLTXH IRU WKH GHVLJQ RI FRPELQDWLRQDO GLJLWDO FLUFXLWV XVLQJ*HQHWLF$OJRULWKP3URF2I
,QWHUQDWLRQDOFRQIHUHQFHS
 $+ $JXLUUH&$ &RHOOR &RHOOR 8VLQJ *HQHWLF 3URJUDPPLQJ DQG PXOWLSOH[HUV IRU WKH V\QWKHVLV RI /RJLF &LUFXLWV 3URFRI
1$6$'R'&RQIHUHQFHRQ(YROYDEOH+DUGZDUHS
 &HFÕOLD 5HLV -$ 7HQUHLUR 0DFKDGR - %RDYHQWXUD &XQKD (YROXWLRQDU\ GHVLJQ RI FRPELQDWLRQDO ORJLF FLUFXLWV -RXUQDO RI $GYDQFHG
&RPSXWDWLRQDO,QWHOOLJHQFHDQG,QWHOOLJHQW,QIRUPDWLFVS
 &.9LMD\DNXPDUL/XNRVH'LOHHS30\WKLOL5HNKD.-DPHV$Q,PSURYHGGHVLJQRI&RPELQDWLRQDO'LJLWDO&LUFXLWVZLWK0XOWLSOH[HUVXVLQJ
*HQHWLF$OJRULWKP,(((3URFRI,QWHUQDWLRQDO&RQIHUHQFHRQ0LFURHOHFWURQLFV&RPPXQLFDWLRQDQG5HQHZDEOH(QHUJ\S
 6KDKDQD7.5HNKD.-DPHV.3RXORVH-DFRE6UHHOD6DVL$XWRPDWHG6\QWKHVLVRI'HOD\5HGXFHG5HHG0XOOHU8QLYHUVDO/RJLF0RGXOH
1HWZRUNV3URF,QWHUQDWLRQDO&RQIHUHQFHRQ(PEHGGHGV\VWHPVDQG$SSOLFDWLRQVS
 2+3$OPDLQL$($  YDULDEOH5HHG0XOOHU%LQDU\'HFLVLRQ'LDJUDPV3URFHHGLQJV RI WK:6($6 ,QWHUQDWLRQDO&RQI2Q(OHFWURQLFV
+DUGZDUH:LUHOHVVDQGRSWLFDO&RPPXQLFDWLRQVS
 'DYLG(*ROGEHUJ*HQHWLF$OJRULWKPVLQ6HDUFK2SWLPL]DWLRQDQG0DFKLQH/HDUQLQJ$GGLVRQ:HVOH\
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
